INTRODUCTION
New Delhi metallo-beta-lactamase-producing Klebsiella pneumoniae was first reported from a patient of Indian origin in 2009 (Yong et al., 2009) . Subsequently, NDM-1 producer Enterobacteriaceae have been frequently linked to the Indian subcontinent (Poirel et al., 2011b) . Recently, the possibility that the Middle East, a region with close ties to the Indian subcontinent and hosting a large expatriate population, could also be a secondary reservoir of NDM-1 producing organisms was raised (Nordmann et al., 2011) . Such isolates have already been reported from Iraq, Kuwait and Oman (Dortet et al., 2012; Jamal et al., 2012; Poirel et al., 2011b) and included K. pneumoniae (ST11, ST14, ST15, ST101, ST147, ST340 and ST372) and Escherichia coli (ST2527) strains. They all carried bla NDM-1 on self-conjugative plasmids ranging from 50 to 200 kb in size belonging to incompatibility groups IncL/M, IncHI1b, IncFIIs, IncF or being untypable (Dortet et al., 2012; Jamal et al., 2012; Poirel et al., 2011b) .
The aim of the current study was to investigate the genetic support of bla NDM in carbapenem-resistant NDM producer Enterobacteriaceae isolated in the United Arab Emirates, a commercial and touristic hub in of the Gulf region with a particularly high number of resident expatriates.
METHODS
Bacterial strains and susceptibility testing. Seven isolates (Enterobacter cloacae ABC40, K. pneumoniae ABC52, ABC53 and ABC83, Escherichia coli ABC54 and ABC85 and Citrobacter freundii ABC80) of 28 carbapenem non-susceptible Enterobacteriaceae isolated in 2009-2011 in four major hospitals of the UAE (Sheikh Khalifa Medical City, Tawam Hospital, Mafraq Hospital and Al Ain Hospital) gave positive reactions by the PCR used for screening of bla NDM (Ghazawi et al., 2012) . Species identification was carried out by VITEK 2 (bioMérieux). The specimen and the year of isolation are summarized in Table 1 . Susceptibility to amikacin, gentamicin, nalidixic acid, ciprofloxacin, rifampicin, tetracycline, minocycline, chloramphenicol and sulfamethoxazole/trimethoprim was tested by IP: 54.70.40.11
On: Fri, 07 Dec 2018 10:42:59 disc diffusion; MIC for imipenem, meropenem, ertapenem, ceftazidime, aztreonam and colistin was measured by a microdilution method according to the CLSI standards (CLSI, 2012) . To reveal carbapenemase production the modified Hodge test was also performed (CLSI, 2012) . Synergism between meropenem and EDTA or phenylboronic acid (PBA) was tested as described in Tsakris et al. (2010) .
Clinical data. Data on patients' nationality and previous hospitalization or travel to foreign countries within the previous 12 months were collected. Data on possible intra-hospital transmission were also acquired.
Genotyping. Multi-locus sequence type of K. pneumoniae and Escherichia coli isolates was established by standard methods (Diancourt et al., 2005; Wirth et al., 2006) . Furthermore, the macrorestriction pattern of all isolates was established by pulsed field gel electrophoresis (PFGE) of the XbaI digested genome (Gautom, 1997) .
Detection of antibiotic resistance genes. Antibiotic resistance genes were detected by PCR and by direct sequencing using primers amplifying the entire genes (bla CTX-M , bla SHV , bla TEM , bla OXA, AmpC beta-lactamase genes) or internal parts of them (various plasmidmediated quinolone and aminoglycoside resistance genes) (Pérez-Pérez & Hanson, 2002; Poirel et al., 2011b) .
Plasmid analysis. Mating-out assays were performed with the seven clinical isolates using an azide-resistant derivative of rifampicinresistant Escherichia coli J53 (J53 RAZ ) as recipient. Transconjugants were selected on Tryptic Soy Agar containing 8 mg l 21 ceftazidime and 100 mg l 21 azide (Ghazawi et al., 2012) . In cases when bla NDM-1 -carrying plasmids conjugally co-transferred with other episomes, they were transferred as single plasmids into competent cells of J53 RAZ by transformation (Ghazawi et al., 2012) . Single-plasmid containing derivatives were used for further detailed analysis of pNDMs. Plasmid DNA was isolated with the alkaline lysis method (Kado & Liu, 1981) . Plasmids were separated on a 0.8 % agarose gel with 6 V cm 21 for 4 h along with plasmid molecular mass standards covering a range from 2.06 kb to 220 kb isolated from Escherichia coli V517, 39R861 and Shigella flexneri YSH6000, respectively. Plasmid incompatibility groups HI1, HI1b, HI2, I1-c, L/M, N, FIA, FIB, FIC, FIIA, F, K, B/ O, W, Y, P, A/C, T, X, X1, X2, X3 and X4 were determined by PCRbased replicon typing (Carattoli et al., 2006; Dortet et al., 2012; Johnson et al., 2012) . Plasmid restriction length polymorphism was established by digesting the pNDM plasmids purified from Escherichia coli J53 RAZ with BamHI, EcoRI and HindIII restriction endonucleases followed by electrophoresis in 0.8 % agarose gel.
Southern blotting. pNDM plasmids from transformants or transconjugants were capillary transferred from the agarose gels to Hybond-N+ membranes (Amersham). bla NDM-1 and the incompatibility genes were localized on the plasmids by probing the membranes with specific PCR amplicons labelled and detected with the DIG DNA-labelling and detection kit (Roche).
Characterization of the genetic environment of bla NDM-1 .
bla NDM-1 -carrying plasmids purified from J53 RAZ were used as DNA template. The sequence of bla NDM, as well as that of its flanking regions was established by PCR mapping and direct, bi-directional sequencing, and if necessary with primer walking (primers used are listed in Table 2 ).
RESULTS

Antibiotic sensitivity
None of the NDM-producing clinical isolates exhibited a positive modified Hodge test, but all of them displayed a 
IncA/C 150 *Resistance genes other than NDM-1. Genes underlined were co-transferred when the bla NDM-1 -carrying plasmids were mobilized by conjugation or transformation into J53
RAZ .
DPlasmid with same or similar RFLP patterns when digested by two different enzymes (HindIII and EcoRI).
dThe patient was hospitalized in India, see Results. §No record of hospitalization in Iraq.
Emergence of NDM in the UAE ¢5 mm inhibition zone increase when combining 292 mg EDTA with discs containing 10 mg meropenem (data not shown). The antibiotic sensitivities of the clinical isolates and their respective transconjugants are shown in Table 3 . All clinical strains remained sensitive to colistin.
Travel history and evidence of nosocomial transmission
The nationality and travel history of the patients are listed in Table 1 . During the 12 months before the isolation of the NDM-producing organism only two patients (hosts of 
Detection of antibiotic resistance genes
The antibiotic resistance genes carried by each isolate are listed in Table 1 . All isolates carried at least one ESBL gene co-transferring by conjugation or by transformation with the bla NDM . The plasmid coded fluoroquinolone resistance gene, qnrB, was also present in all isolates but one. Three of the seven isolates carried an AmpC type beta-lactamase also. Furthermore, in the case of ABC83 and ABC85, 16S methyltransferase gene armA or rmtC was also cotransferred with the respective NDM plasmid (i.e. 150 or 170 kb).
Analysis of the regions flanking bla NDM
Enterobacter cloacae ABC40, Escherichia coli ABC54 and C. freundii ABC80 harboured the insertion sequence IS5 disrupting the ISAba125 upstream of the bla NDM-1 gene (GenBank accession no. KC149524). K. pneumoniae ABC52 and ABC53, which were indistinguishable by PFGE and multi-locus sequence typing, possessed an insertion sequence IS3000 disrupting ISAba125 upstream of bla NDM-1 (GenBank accession no. KC149525), whereas in K. pneumoniae ABC83 the ISAba125 upstream of the bla NDM-1 was disrupted by an ISEc33 insertion sequence (GenBank accession no. KC149526). The upstream region of bla NDM-1 in Escherichia coli ABC85 (GenBank accession no. KC149527) contained an IS903 inserted into the ISAba125.
Although all strains harboured a truncated ISAba125, the length of its 39 end varied between 175 and 21 bases, with the shortest one being present in Escherichia coli ABC85 (Fig. 1) . The regions sequenced downstream of bla NDM-1 were identical in all our clinical isolates and uniformly contained the bleomycin resistance protein gene (Poirel et al., 2011b) (Fig. 1) .
Analysis of the bla NDM plasmids
All seven clinical isolates carried bla NDM plasmids conjugally transferable either alone or together with other episomes. The bla NDM -containing plasmids either belonged to incompatibility groups IncA/C, IncHI1b, IncX3 or were non-typable as shown by PCR-typing of their singleplasmid carrying transconjugants or transformants and confirmed by Southern hybridization with the respective probes ( Table 1 ).
In Enterobacter cloacae ABC40, Escherichia coli ABC54 and C. freundii ABC80 the bla NDM-1 was located on an approximately 50 kb plasmid of the IncX3 type with identical flanking regions harbouring the IS5-interrupted ISAba125. Regarding this plasmid type, in mating-out experiments the bla NDM-1 -carrying plasmid easily transferred from ABC54 into J53 RAZ , either as a single plasmid, or often together with multiple plasmids also present in the donor (data not shown). Using ABC40 and ABC80 as donors, all transconjugants positive for bla NDM-1 carried multiple plasmids. Therefore, from these strains the pNDM was transferred from Escherichia coli into J53 RAZ by transformation. The IncX3 plasmids carried by the three different species, beyond the identical molecular mass, plasmid type, and identical regions flanking bla NDM-1, also exhibited identical (ABC54 and ABC80) or similar (ABC40) plasmid RFLP patterns when digested with BamHI, EcoRI and HindIII (Fig. 2) .
DISCUSSION
The emergence and spread of NDM-1-producing Enterobacteriaceae have been reported from an increasing number of regions, including the Middle East (Poirel et al., 2011b) . Among the countries of the Arabian Peninsula, the high percentage of expatriates among its residents, its extensive trade, touristic and health care links with the Indian subcontinent, i.e. a known reservoir of such isolates, make the UAE particularly likely to encounter such strains. In this report, we demonstrate that indeed, a variety of NDM-producing strains, representing different species and different genetic support, have already been present in the Abu Dhabi Emirate of the UAE.
With the obvious risks of importing such isolates, it was of particular importance to note that only a few of the cases did indeed have a link to the Indian subcontinent (Table  1) , suggesting the stable establishment of this resistance gene among local strains. In one of the likely imported cases a subsequent, local, nosocomial transmission of a K. pneumoniae strain (ABC52) was associated with a fatal case of pneumonia of a severely immunocompromised patient. Nosocomial transmission of NDM producer Enterobacteriaceae was recorded elsewhere (Denis et al., 2012).
However, it was noteworthy that in our case the strain transmitted was a K. pneumoniae ST11. This particular clone has been found worldwide to carry a broad variety of beta-lactamase genes, including ESBL type CTX-M-15 (Damjanova et al., 2008; Lee et al., 2011) and various carbapenemases: OXA-48 (Voulgari et al., 2013) , KPC (Pereira et al., 2013) and NDM (Giske et al., 2012; Samuelsen et al., 2011; Williamson et al., 2012) . Furthermore, it has been reported also to cause hospital outbreaks (Damjanova et al., 2008; Voulgari et al., 2013) , and its local isolation from two interrelated cases further highlights its importance as a potential nosocomial pathogen. The 50 kb plasmid of ABC52 and ABC53 carrying the bla NDM-1 co-transferred with bla SHV-12 present in the two related isolates and was untypable by the PCRBased Replicon Typing methods used. The upstream region flanking bla NDM-1 contained IS3000, similarly to the 267 kb IncH type plasmid, pNDM-MAR recovered from a K. pneumoniae isolate ST15 from Morocco (Villa et al., 2012) . However, in our isolates IS3000 inserted into ISAba125 182 bp closer to bla NDM-1 than in pNDM-MAR.
The third K. pneumoniae strain (ABC83) was isolated from a patient who had travelled to Iraq before hospitalization in the UAE. Interestingly, the strain did not exhibit any features similar to the NDM-1 producer K. pneumoniae (ST147) reported earlier from Iraq (Poirel et al., 2011a) . ABC83 belonged to ST14; it carried the bla NDM-1 on an IncHI1b plasmid with co-transferring genes of bla CTX-M-15 , armA and qnrB, respectively. Upstream of the bla NDM-1 it possessed an IS element, ISEc33, previously detected in association with bla NDM-1 (Poirel et al., 2011b) . However, in ABC83 its orientation was different (GenBank KC149526) from the one described in IncN2 type NDM plasmids (Chen et al., 2012) .
The other four isolates, Enterobacter cloacae ABC40, Escherichia coli ABC54 and ABC85 and C. freundi ABC80, were recovered from patients who did not travel prior to hospitalization in the UAE. Among these, Escherichia coli ABC85, an ST2513 isolate from tracheal aspirate of an Omani national, harboured the bla NDM-1 on an IncA/C type plasmid. Conjugation of this plasmid resulted in the co-transfer of bla CTX-M-15 , bla TEM-1 , 16S RNA methylase rmtC and AmpC beta-lactamases bla DHA-1 and bla CMY-2 with bla NDM-1 . Although this is not the first description of IS903 disrupting ISAb125 upstream of bla NDM-1 in IncA/C type plasmids (Sekizuka et al., 2011) , interestingly, in ABC85 it was present in the opposite orientation (GenBank accession no. KC149527) to that in other isolates (Sekizuka et al., 2011) . An important finding of this study was the encounter of three isolates of different species carrying identical, or very similar, 50 kb IncX3 plasmids with an IS5 element upstream of bla NDM-1 and co-transferring with bla SHV-12 . Plasmids of this incompatibility group have been shown to carry antibiotic resistance genes (Johnson, et al., 2012) . Furthermore, a recent report from Hong Kong (Ho et al., 2012) described seven Enterobacteriaceae isolates with epidemiological links to Hunan, Haifeng, Dongguan and Guangzhou provinces of mainland China carrying the same, approximately 50 kb IncX3 type plasmids containing a structure identical to the NDM-flanking regions found in the plasmids of our three isolates (GenBank accession no. KC149524). The fact that the Middle East is the second region where bla NDM-1 -carrying conjugative IncX3 plasmids of very similar structure have been detected in multiple species strongly supports the idea that these plasmids may play a unique role in the inter-generic spread of the NDM gene. It is noteworthy that one of our isolates (ABC40) was recovered in August 2009, i.e. 2 years earlier than the strains in Hong Kong (Ho et al., 2012) .
A limitation of our work is that, as a systematic surveillance assessing the genetic background of carbapenem resistance is currently not in place in Abu Dhabi hospitals, quantitative conclusions regarding the prevalence of carbapenem resistance or the frequency of NDM production cannot be drawn from our figures. Nevertheless, the data clearly show the emergence of these pathogens with the majority of the cases having no links to the Indian subcontinent or positive travel history. These facts, and the demonstration of the nosocomial transmission of a strain, strongly support the previous assumption that indeed, the Middle East is a secondary reservoir for such isolates (Dortet et al., 2012) , in which, among other plasmids, IncX3 plasmids may play a significant role.
